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EXECUTIVE SUMMARY

The U.S. Department of Energy (DOE) is proposing to construct and operate the Long-Baseline Neutrino
Facility (LBNF) and Deep Underground Neutrino Experiment (DUNE) with facilities at Fermi National
Accelerator Laboratory (Fermilab) in Batavia, Illinois, and the Sanford Underground Research Facility
(SURF or Sanford Lab) in Lead, South Dakota. Throughout this document, the Proposed Action is
referred to as LBNF/DUNE. The Project was formerly referred to as the Long Baseline Neutrino
Experiment (LBNE), but changed to LBNF/DUNE with the addition of international science partners.
This resulted from the May 2014 recommendation of the Particle Physics Project Prioritization Panel
(P5), that the U.S. partner with the international neutrino physics community to develop a leading-edge
facility for neutrino science and proton decay studies. This facility will be an internationally designed,
coordinated and funded program, hosted at Fermilab, comprising the world's highest-intensity neutrino
beam and advanced underground detectors designed to both exploit this beam and observe galactic
neutrinos from supernovae.

NATIONAL ENVIRONMENTAL POLICY ACT

This Environmental Assessment (EA) for LBNF/DUNE (DOE/EA-1943) evaluates the potential
environmental impacts of the Proposed Action. The EA was prepared in compliance with the National
Environmental Policy Act (NEPA) of 1969 (42 U.S. Code [U.S.C.] 4321 et seq.), regulations of the
President's Council on Environmental Quality (40 Code of Federal Regulations [CFR] 1500-1508), and
DOE's NEPA implementing regulations (10 CFR 1021). The EA and supporting documentation also
supports compliance with Floodplain and Wetland Environmental Review Requirements (10 CFR Parts
1021 and 1022), and Section 106 of the National Historic Preservation Act (NHPA). Given that the
impacts of operation of the proposed LBNF/DUNE would be similar in nature to other DOE accelerator
projects, including existing projects at Fermilab, DOE has determined that an EA is the appropriate level
of NEPA review. EAs are screening tools which have two functions; 1) to assist DOE in determining
whether to prepare a more exhaustive Environmental Impact Statement (EIS), if there are potentially
significant environmental impacts, or 2) to justify a Finding of No Significant Impact (FONSI), if there
are no potentially significant impacts.

PURPOSE AND NEED

DOE’s Office of Science is the Nation’s largest supporter of fundamental research in the physical
sciences, which it pursues in partnership with national laboratories, universities, institutions, and other
organizations with related missions. Fundamental research involves investigation and analysis focused on
obtaining a better or fuller understanding of a subject, phenomenon, or a basic law of nature, not
necessarily specific practical application of the results. One important research area within the physical
sciences is Elementary Particle Physics, which has, as one of its goals, helping us to understand the
physical nature of our Universe.

LBNF/DUNE would help to advance our understanding of the basic physics of the elementary particles
called neutrinos. Neutrinos are elementary subatomic particles that have no electrical charge and are one
of the most abundant particles in the Universe. In nature, they are produced in great quantities by sources
such as our sun, from stellar explosions known as supernovas, and in smaller quantities on earth by man-
made facilities, such as nuclear power plants. Neutrinos stream to the earth each day. The very small size
of neutrinos means that they pass right through matter largely unimpeded, and only very rarely interact
with other particles. In the lab, at facilities such as Fermilab, scientists can make neutrino beams for
experimental purposes with particle accelerators. Appendix A-2 contains an article (Piergrossi 2013)
describing what physicists know about neutrinos and the questions that could be answered by further
research.
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LBNF/DUNE would make use of an existing high-energy particle accelerator at Fermilab in Batavia,
[llinois (the Near Site) to generate a beam of neutrinos and would utilize particle detectors to analyze the
beam; one at Fermilab and another detector with one or more modules approximately 800 miles away at
SURF (the Far Site). Although DOE has other neutrino experiments currently underway, where the
neutrino source and detector are separated by 500 miles or less (see Appendix A-1), the longer baseline
has been determined by scientists to be the optimal distance for this experiment and would enable
scientists to gather important new information about neutrinos. The Far Site detector would be
underground, to eliminate cosmic radiation that could interfere with the detector.

Neutrinos in flight naturally transform themselves quantum mechanically, by oscillating back and forth
between three different states or “flavors” (muon neutrinos, electron neutrinos, and tau neutrinos).
LBNF/DUNE would enable the most precise measurements yet of this neutrino oscillation phenomenon,
which could potentially help physicists discover whether neutrinos violate the fundamental matter-
antimatter symmetry of the Universe. If they do, then physicists would be a step closer to answering the
puzzling question of why the Universe currently is filled preferentially with matter, while the antimatter
that was created equally by the Big Bang has all but disappeared. So far, other sub-atomic particles
known as quarks are the only elementary particles known to violate the fundamental symmetry between
matter and antimatter. However, the observed violation of this symmetry in the physics of quarks is not
sufficient to explain the observed abundance of matter over antimatter in the Universe.

Constructing LBNF/DUNE with a Near Site detector at Fermilab and with a Far Site detector deep
underground would produce the best data for answering these questions. The Near Site detector would
provide data on the quality of the beam as it leaves Fermilab and add to the precision of the
measurements. The deep detector at the Far Site, shielded from cosmic radiation, would provide the most
sensitive measurements of oscillations of the neutrinos sent from Fermilab. A deep detector would also
enable sensitivity to proton decay and the capability for measuring electron neutrinos from a supernova
should one occur in our galaxy during the Experiment’s lifetime. The SURF site would provide the
necessary long baseline (800 miles from accelerator to detector) and the capability to construct a large
detector deep underground to shield the detector modules from interference by cosmic rays. For these
reasons construction of a LAr detector deep underground (4,850 feet deep) at SURF would generate the
most accurate data, and is recommended by the international collaboration.

As these questions are pursued by LBNF/DUNE, other experiments that would make use of the same
detectors and/or laboratory infrastructure may provide additional opportunities for basic research in other
areas of physics. In short, LBNF/DUNE and ancillary experiments would enable scientists potentially to
transform our understanding of neutrinos and their role in shaping our Universe.

DESCRIPTION OF THE PROPOSED ACTION

Under the Proposed Action, Fermilab would construct facilities that would extract a proton beam from
Fermilab’s existing particle accelerator, generate a high-intensity neutrino beam, and direct the beam at a
detector to be constructed 800 miles away at the Sanford Underground Research Facility (SURF). The
beam would be generated underground and would travel through the Earth at depths of up to 20 miles (see
Figure S-1). The Fermilab components of the Proposed Action would be constructed adjacent to
Fermilab’s existing accelerator ring and would include beamline facilities to extract and focus the beam
(by means of target horns and magnets). The primary structures would include a Primary Beam
Enclosure, Target Hall, Absorber Hall, Decay Pipe, and Near Neutrino Detector (NND). Most of these
facilities would be constructed underground or within an earthen embankment to shield the surrounding
environment from beamline radiation. The facilities and work areas would be housed in a series of
underground experimental halls and aboveground service buildings. Proposed facilities at SURF would
include a large, underground liquid argon (LAr) detector with one or more detector modules, associated
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supporting facilities, and an aboveground service building. Construction of the underground detector
would require excavation and transportation of a large volume of rock. The rock would be transferred to
either the Gilt Edge Superfund site, or to the Open Cut in Lead, a former surface mining pit that was part
of the former Homestake Mine. The Gilt Edge Superfund site is a highly disturbed former gold mine in
Deadwood—the Proposed Action would cover only transportation to the Gilt Edge superfund site and not
other activities being planned for its remediation. At both Fermilab and SURF, the Proposed Action
would include implementation of Standard Environmental Protection Measures (SEPM), such as post-
construction revegetation, erosion control, and traffic control. The planned SEPMs are introduced in
Section 2, Description of Proposed Action and Alternatives, and described in detail in Section 3, Affected
Environment and Environmental Consequences.

The facilities would be designed for an expected experimental lifetime of approximately 20 years.
Ultimate decommissioning, including potential repurposing, dismantling and disposal of radioactive and
non-radioactive components, would not occur for many years and DOE has determined that it would be
too speculative to evaluate future decommissioning impacts in this EA. Therefore, the environmental
impacts of decommissioning would be evaluated in a future NEPA document.

Figure S-1 Pathway of the LBNF/DUNE Neutrino Beam from Fermilab to SURF

ALTERNATIVES

As required by Council on Environmental Quality (CEQ) regulations, the LBNF/DUNE EA evaluates a
No Action Alternative to serve as a basis for comparison with the action alternatives. Under the No
Action Alternative, LBNF/DUNE would not be constructed and operated and the enhanced opportunities
for neutrino research would not be pursued. In addition, a second alternative (Alternative A) consisting of
other smaller, reasonably foreseeable experiments being considered at SURF was evaluated. These
alternatives are not mutually exclusive and if selected by DOE, the Alternative A experiments could be
constructed in addition to the Proposed Action, or they could be constructed independently. DOE also
considered other siting alternatives and a less ambitious alternative with fewer facilities at Fermilab and a
smaller surface detector at SURF (see EA Section 2.4). However, these alternatives were eliminated and
not evaluated in the EA because they did not meet the Purpose and Need for the LBNF/DUNE and/or
certain other criteria deemed necessary for the project.
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AFFECTED ENVIRONMENT

Fermilab is located 38 miles west of downtown Chicago, Illinois, in an area of mixed residential,
commercial, and agricultural land use. Fermilab is an established national laboratory that has designed,
constructed, and operated proton accelerators and high-intensity neutrino beams for years, beginning with
the Main Ring in 1972, followed by the Tevatron in 1983 and later facilities. The Tevatron closed in 2011
when the more powerful Large Hadron Collider (LHC) opened in Geneva, Switzerland. However,
Fermilab has been operating the Neutrinos at Main Injector (NuMI) project with a detector in Soudan,
Minnesota, since 2005, and recently completed construction of the NuMI Off-axis v. Appearance (NOvA)
project, with a detector in Ash River, Minnesota (note that the v is the designation for the neutrino
particle, in this case the electron neutrino). These projects have extensive underground and surface
facilities including a large accelerator, the site’s Main Injector (MI); and existing power and cooling water
systems, research laboratories, and other facilities. The LBNF/DUNE construction site consists of uplands
and wetlands as well as Indian Creek and adjacent farmland and floodplain areas.

SUREF is an existing physics research facility in Lead, South Dakota, within the underground workings of
the former Homestake Mine. The site has an extensive history of mining activity, including excavation
and rock processing and disposal. SURF has existing mining infrastructure including facilities for
hoisting and processing rock, deep access shafts, and several underground caverns used for existing
physics experiments. Construction of LBNF/DUNE at SURF would take advantage of this existing
configuration but would construct the detector in a new, deep underground cavern.

ENVIRONMENTAL IMPACTS

The LBNF/DUNE EA evaluates the potential environmental effects that could result from implementing
the Proposed Action, Alternative A, and the No Action Alternative. The EA covers a range of potential
designs and environmental impacts, including some dealing with radiation, both contamination and
exposure. The potential environmental impacts evaluated in the LBNF/DUNE EA are summarized below.

Land Use and Recreation
Fermilab Site

Construction and operation of the Proposed Action would have very low adverse impacts on existing or
future land uses at Fermilab in that LBNF/DUNE is entirely consistent with Fermilab’s mission:
conducting state-of-the-art high-energy physics research. Nor would LBNF/DUNE have direct or indirect
impacts on off-site land use, such as the character or use of land in the surrounding community.
Recreational users of the Illinois Prairie Path, located approximately 2,500 feet to the southwest, would
have views of the embankment, which would be landscaped accordingly to reflect the surrounding
environment. However, these recreational users now have views of existing Fermilab facilities, including
Wilson Hall.

The No Action Alternative would have no adverse effects on on-site or off-site land uses, including
adjacent residential and recreational land uses. Fermilab’s high-energy physics mission would be
unchanged, and the lab would continue to pursue ecological research and natural resources restoration.

SURF Site

Construction and operation of the Proposed Action would not adversely affect land use because the land
is owned by SURF or Homestake, is previously disturbed, and would not require a zoning change.
However, the Proposed Action would require a building permit from the City of Lead and easements from
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the Lawrence County Highway Department and McGas for land adjacent to Kirk Road. The Gilt Edge
Superfund Site is one location for the transport of excavated rock. The site is owned by the State and is
managed as a Superfund site by the U.S. Environmental Protection Agency (EPA) and no land use
impacts would result. Alternatively, transport and placement of rock at the Open Cut would have low
impacts on adjacent land uses; however, it would require a revision of Homestake’s mining permit, a
right-of-way, and an agreement between SURF and Homestake.

Alternative A would not require land use changes on SURF property or either rock placement site, if rock
was hoisted to the surface. The No Action Alternative would not affect current land use or recreation.
SURF would continue to operate as an underground physics research facility. Recreational resources,
such as the Mickelson Trail, would be unaffected by this alternative.

Biological Resources
Fermilab Site

The Proposed Action would affect vegetated wetlands and Indian Creek, including placement of clean fill
material. Construction would affect approximately 5.0 acres of wetland and would require a culvert to re-
direct the creek under the embankment and proposed structures, resulting in temporary impacts on stream
invertebrates and fish. These impacts would be minimized to the extent practicable and would require
authorization by the U.S. Army Corps of Engineers (USACE) under the Clean Water Act (CWA), Section
404 and compensatory wetlands mitigation to offset the impact, either on-site or off-site. The Proposed
Action would also affect vegetation, including approximately 250 to 300 trees, and could have potential
impacts on migratory birds, and potentially Indiana bat (Myotis sodalis) and northern long-eared bat
(Myotis septentrionalis). To avoid such impacts, Fermilab would schedule removal of vegetation outside
the typical nesting and roosting season to the extent practicable and would consult with the U.S. Fish and
Wildlife Service (USFWS) and Illinois Department of Natural Resources (IDNR). Operations would have
low biological impacts as it would occur within the area disturbed by construction. In addition, shielding
and surface and groundwater management systems would be designed to minimize radiation exposure to
biota.

The No Action Alternative would not involve wetland or stream excavation or fill placement. Fermilab
would continue to operate existing experimental facilities and manage operations to minimize biological
effects in accordance with DOE, state and Federal requirements.

SURF Site

The Proposed Action at SURF would occur in an urban, industrial setting, heavily disturbed by historical
mining activity, including both the Gilt Edge Superfund site and the Open Cut. Neither alternative site for
the transport or transport/placement of rock would have direct impacts on biological resources and would
use existing wastewater treatment facilities and SEPMs, including stormwater best management practices
(BMP), to minimize aquatic habitat effects downstream in Whitewood Creek. Because construction
would occur deep underground and in other areas disturbed by mining, the Proposed Action would not
have substantial effects on vegetation or terrestrial wildlife habitat. Wildlife that inhabit areas adjacent to
the Proposed Action, such as deer, small mammals and raptors (e.g., hawk), are generally acclimated to
human activity. To minimize potential impacts on bats and migratory birds, SURF would conduct
clearing and grubbing outside of the migratory bird nesting and bat roosting season to the extent
practicable. Vegetation would be restored following construction. Operation of the LBNF/DUNE would
have no impacts on wetlands and very low impacts on other biological resources as it would not require
excavation or construction in previously undisturbed areas.
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The construction and operation of Alternative A experiments would not impact biological resources as
they would be constructed and operated deep underground. Excavated rock transported to the Gilt Edge
Superfund site or Open Cut would be used similar to the Proposed Action and thus have no or very low
biological impacts.

The No Action Alternative would not involve construction or operation of the LBNF/DUNE detector or
Alternative A experiments and thus would have no impacts on biological resources. Existing operations at
SURF would continue with no additional or incremental environmental effects.

Cultural Resources
Fermilab Site

There are no known historic properties or paleontological resources in the proposed construction area and
DOE has completed consultations with the Illinois State Historic Preservation Office (SHPO). Should
unanticipated resources be encountered during construction, Fermilab and DOE would stop construction
in that area and notify an archaeologist or paleontologist, who would implement the procedures outlined
in the Fermilab Cultural Resources Management Plan (CRMP). Operations would not require excavation
and would therefore have no impacts on cultural resources.

Under the No Action Alternative, there would be no excavation, grading or other new ground disturbance
in these areas; therefore, no effects on historic properties or paleontological resources would occur.
Existing Fermilab projects and research would continue and would comply with the CRMP.

SURF Site

DOE and SURF have conducted extensive consultations with local government, the South Dakota SHPO,
and the American Indian tribes regarding Section 106 compliance, and have developed a draft
Programmatic Agreement (PA) for the LBNF/DUNE project. The PA provides a framework for
evaluating/addressing potential impacts of the proposed action. The Proposed Action would affect the
Ross boiler building; although the modifications to this building would be made consistent with the
Secretary of the Interior’s Standards for the Rehabilitation of Historic Properties (Rehab Standards) as
outlined in the PA, the SHPO has determined the modifications would be considered an adverse effect
pursuant to Section 106. Resources within the Lead Historic District along the trucking or conveyor
routes would be evaluated under the PA. Operation of the Proposed Action would be largely underground
and would have no impacts on cultural resources.

Although the Proposed Action would take place within the Black Hills region, it would largely occur
within an area that has already been significantly disturbed by past mining activities and other
development. Redeployment of the Homestake Mine via the Proposed Action, i.e., science projects like
LBNF/DUNE, would begin the rehabilitation process in a way that would have multiple benefits; from
educational programs for children to the possibility of scientific discovery that could inspire members of
tribal and non-tribal community alike. Therefore, impacts to traditional cultural resources would be low.

Alternative A would have no impact on historic properties or traditional cultural resources beyond those
described in the Proposed Action. There would be no new ground disturbances with the exception of
minor use or modification of existing surface buildings such as the Ross or Yates Complexes. Future
experiments under Alternative A would be subject to Section 106—any potential adverse effects from
these specific, yet undetermined projects would be avoided or minimized through the procedures outlined
in the PA.
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The No Action Alternative would not involve construction or operation and would have no impact on
traditional or historic cultural resources. Existing experiments would continue to operate underground.

Health and Safety
Fermilab Site

During construction of the Proposed Action, the primary potential health and safety risk would be worker
accidents and injuries. To minimize potential health and safety effects on workers and the public and to
protect the environment, construction activities would conform to Fermilab SEPMs such as health and
safety requirements and safety specifications for electrical systems. Based on Fermilab health and safety
statistics, the Proposed Action would potentially result in approximately 4.0 recordable work-related
injuries or illnesses over 7 years of construction (less than one per year). Construction workers would not
be exposed to radiation with the exception of excavation of the Cooling Pond F. This work could result in
minor radiation exposures, which would be minimized by complying with SEPMs outlined in the
Fermilab Radiological Control Manual (FRCM), such as worker training and monitoring of excavated
soil by a radiological control technician.

Operations would result in potential exposure to radiation similar to other Fermilab experiments;
however, these risks would be managed by adhering to existing SEPMs and would be minimized by
engineering controls. Radiation exposures would be reduced to As Low as Reasonably Achievable, or
ALARA, and would be below Fermilab and DOE exposure standards (1,500 mrem per year, 5,000 mrem
per year, respectively) for involved and non-involved workers. Exposures to the public would be less than
the DOE standard of 10 mrem per year. Because no new positions would be created for operations, the
Proposed Action would not result in an increase in potential injuries/illnesses.

The No Action Alternative would not result in new occupational or radiological health or safety impacts
on workers or the public. Existing health and safety hazards at Fermilab would continue to be managed in
accordance with established programs, policies, and procedures.

SURF Site

Workers constructing the LBNF/DUNE at SURF would encounter typical workplace hazards associated
with underground construction, materials handling and storage, blasting and hauling excavated rock to the
surface. Based on the industry incident rate for Heavy Construction, 21 accidents/injuries would be
expected to occur over the seven year construction period. Because there have been no accidents or
injuries associated with operating experiments at SURF, no accidents/injuries would be expected during
operations. These hazards would be minimized by adhering to existing SURF and Fermilab SEPMs and
safety practices. Operational hazards would include working underground as well as potential exposure to
cryogens (i.e., a liquid, such as liquid nitrogen, that is used to attain very low temperatures). SEPMs
would include extensive training and use of personal protective equipment. Safety and health hazards
would be identified during work planning and the risks minimized by engineering and administrative
controls.

Construction of future underground experiments under Alternative A would have low effects on workers,
operators, or the public, similar in scope to the Proposed Action but lesser in scale. Construction would be
limited to underground areas and operations would follow SURF safety requirements. Both construction
and operations would be removed from residences and public areas and potential impacts on health and
safety would be low.
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Under the No Action Alternative, there would be no additional health or safety impacts at SURF. Existing
health and safety hazards would continue to be addressed by ongoing implementation of established
engineering and administrative controls.

Hydrology and Water Quality
Fermilab Site

During construction of the Proposed Action, potential impacts on surface water hydrology may result
from construction of the embankment and service buildings near Indian Creek, as well as the culvert
required to re-direct Indian Creek under the embankment. The culvert would remove a portion of the
existing streambed; however, the stream’s hydraulic capacity would be replaced and these impacts would
be short term. These modifications would require permits from the USACE and IDNR, and construction
in the floodplain would require compliance with Executive Order (EO) 11988 - Floodplain Management
and Federal regulations. Operation of the LBNF/DUNE would have no impacts on flooding in the project
area.

The Proposed Action could have potential impacts on surface water quality during excavation of borrow
areas, construction of the embankment, and other ground-disturbing activities. Fermilab would apply for a
construction stormwater general permit and stormwater would be managed according to Fermilab’s
existing Storm Water Pollution Prevention Plan (SWPPP). Construction of the culvert in Indian Creek
would require CWA Section 401 Water Quality Certification. Thus, impacts to hydrology and water
quality would be low.

Excavations would require temporary dewatering of groundwater, which would result in low impacts on
groundwater elevations. Groundwater pumped for dewatering would be treated and discharged to Indian
Creek, requiring modification of the Fermilab National Pollutant Discharge Elimination System (NPDES)
permit. Impacts on groundwater quality would be minimized by grouting the bedrock at the base of
excavations to minimize groundwater inflow and contact. Groundwater contamination would also be
minimized by SEPMs including spill prevention and stormwater BMPs designed to minimize releases of
oil, fuel, solvents, and other construction materials.

Operations would have low effects on surface water quality. Pumped groundwater would be collected in
Fermilab’s existing cooling water ponds or discharged into tributaries to Indian Creek. Radionuclide
concentrations in these ponds are very low and in either drought or overflow conditions would be
anticipated to be below surface water quality standards, such as the DOE surface water standard of 1,900
picoCuries per milliliter (pCi/ml) (10 CFR 835). The Proposed Action would be designed with thick
shielding for radiation and other engineering controls. For instance, this 13-foot-diameter steel Decay
Pipe would be surrounded by approximately 18 feet of concrete shielding to protect the surrounding soil
from radiation produced in the pipe. The shielding would be lined with a geosynthetic barrier system and
equipped with a moisture interceptor system to prohibit groundwater from infiltrating into the Decay
Pipe. The proposed liner system would include an outer geomembrane barrier layer, a geosynthetic clay
liner (GCL) barrier, and a leak detection layer placed between the GCL and the inner geomembrane
barrier layer.

Fermilab’s shielding calculations (Mokhov 2011) demonstrate that groundwater radionuclide
concentrations would be below DOE surface water and U.S. Environmental Protection Agency (EPA)
drinking water standards (e.g., 20 pCi/ml for tritium). Furthermore, the groundwater near the
LBNF/DUNE shielding would be part of the glacial drift aquifer, which is subject to institutional controls
on the Fermilab property, and not available for consumption as part of a Class 1 groundwater resource.
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Operation of vehicles and maintenance activities could affect groundwater quality without protective
measures in place. However, operations would only allow chemical use indoors and in small quantities,
and impacts on groundwater would be minimized through SEPMs and by implementing the Spill
Prevention, Control, and Countermeasure (SPCC) and SWPPP, which both contain operational BMPs.

Under the No Action Alternative, no impacts on surface water, groundwater hydrology, or water quality
would occur because Fermilab would not conduct excavation or construction and would not operate the
beamline. Hydrology and water quality impacts from current construction and operations would continue,
and those impacts would continue to be addressed through existing water quality controls and flood
abatement measures.

SURF Site

Construction of the Proposed Action would occur deep underground in the same areas mined by
Homestake. Excavated rock would be transported to the Gilt Edge Superfund site in Deadwood or
transported to and placed at the Open Cut in Lead. Concerning the latter, surface runoff from the Open
Cut area would drain to the underground pool via tunnels and would be treated at the SURF wastewater
treatment plant (WWTP) prior to discharge to Whitewood Creek. Overall, construction of the
underground detector would have low impacts on groundwater and surface water because water not
meeting discharge or groundwater standards would be captured and treated by existing water treatment
facilities.

The operation of the Proposed Action would not measurably affect groundwater or surface water.
Condensate from the mine air interacting with the cold detector would be less than 5 gallons per minute
(gpm) and would be collected in a sump and discharged to mine water. SURF would monitor the
condensate to ensure it would not reduce the quality of the mine water. If the condensate water were
found to be of lower quality than mine water, an EPA underground injection control (UIC) permit would
be obtained. In general, the small amount of condensate water added to overall mine water quantity
(estimated in the billions of gallons) would not change mine water quality within the range of analytical
error.

Alternative A construction would occur underground with excavated rock retained underground or
transported to either the Gilt Edge Superfund site or Open Cut. Water quality impacts would be similar to
the Proposed Action and would be minimized through SEPMs. Operations would generate small
quantities of reverse osmosis (RO) brine (a concentrated salt solution) that would be discharged to the
underground pool.

The No Action Alternative would have no impact on surface water or groundwater. Past disturbance and
existing experiments would continue to generate runoff and leachate that would be collected and treated
by SURF prior to discharge.

Noise and Vibration
Fermilab Site

Construction of the Proposed Action would require the use of heavy earth-moving equipment, including a
crane near Kirk Road (not to be confused with Kirk Road at the Far Site in South Dakota). Construction
would increase noise levels by approximately 5 decibels (dBA) above existing ambient conditions at
residences directly across Kirk Road, which would be noticeable. However, noise levels would diminish
rapidly with distance because much of the construction of the underground facilities would be conducted

Draft Environmental Assessment: May2015 Page S-9



Executive Summary

within excavations that would attenuate much of the sound. In addition, construction would normally be
completed during the day and within the day, during which activities (and their associated noise levels)
would be exempt from the City of Batavia’s noise code. The construction noise would also be temporary.

The Proposed Action would also incorporate blasting with approximately four events per day over several
months. Blasting would result in vibration levels of up to approximately 82.5 VdB (velocity or vibration
decibels) and could be noticeable for the nearest residents. Accordingly, Fermilab would incorporate
several SEPMs to reduce adverse effects, including communication with local residents through public
meetings and announcements regarding the blasting schedule. In addition, the construction contractor
would monitor vibration levels to adjust the size of the charges.

Operational noise impacts would be low. Chillers and heating, ventilation and air conditioning (HVAC)
units would be designed to include quiet equipment and incorporate sound dampening equipment or
enclosures, if needed, to maintain noise at below State of Illinois octave band threshold limits.

Under the No Action Alternative, there would be no construction or operational noise or vibration
impacts. Ongoing activities associated with current Fermilab construction activities and ongoing
experiments would continue, as would existing ambient noise sources such as Kirk Road.

SURF Site

Construction of the deep underground detector would require trucking to the Gilt Edge Superfund site in
Deadwood, or the use of either a rail or pipe conveyor or loading and driving trucks to the Open Cut in
Lead. Although underground construction would not result in substantial noise or vibration, aboveground
construction would result in noise increases of 4 to 16 dBA, including noise from trucking along the
trucking routes. Alternatively, construction of a conveyor system to the Open Cut would generate
temporary noise levels of approximately 16 dBA above background levels for a period of up to 2 months
However, based on the history of the Lead area being a mining area, noise and vibration increases are
familiar to the community and thus increased impacts in this context would be low. Moreover, increases
in noise and vibration would also be temporary occurring during only during construction of the proposed
action.

Operational noise from the planned Cryogen Support Building would increase noise by 7 dBA above
existing nighttime ambient noise levels. Noise dampening equipment would be used to reduce nighttime
noise.

Noise and vibration levels from construction of Alternative A would be similar to the Proposed Action
but of shorter duration. Operational noise and vibration would be similar to that from the Proposed
Action.

The No Action Alternative would not involve excavation, blasting, conveyance of rock, or operation of
detectors and would have no noise or vibration impacts. Existing SURF experiments would continue to
operate.

Transportation
Fermilab Site

The Proposed Action would result in a minor increase in the annual average daily traffic (AADT) on
public roadways near Fermilab. If all construction traffic used the same route, no road would experience
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an AADT increase of greater than approximately 4 percent. Based on published accident rates,
construction may result in 23 accidents, 7 injuries, and zero (0.075) fatalities. Operations would have a
low impact on traffic and would potentially result in 3 traffic accidents, 1 injury, and zero (0.01) fatalities
over the 20 year operating period. SEPMs would include preparing and implementing a traffic control
plan.

Under the No Action Alternative, existing research programs at Fermilab would continue; however,
LBNF/DUNE would not be constructed or operated. The traffic impacts associated with LBNF/DUNE
construction and operation would not occur, and there would be no incremental increase in impacts on
traffic volumes or accident rates. Public travel on Kirk Road, Butterfield Road, Interstate 88 (I-88), and
other nearby travel routes, as well as the on-site roads within the Fermilab property, would be consistent
with existing conditions and trends.

SURF Site

Construction of the deep detector would occur deep underground and would require trucking of rock.
Assuming each truck carries approximately 12 cubic yards of rock, LBNF/DUNE would require transport
of approximately 460,000 cubic yards to the Gilt Edge Superfund site or the Open Cut over
approximately 2 years. Aboveground construction would increase traffic on local streets by
approximately 7 percent. For rock transport, trucks would travel public roadways to the Gilt Edge
Superfund site or to the Open Cut in Lead for approximately 10 to 12 hours per day. Based on an average
of 75 round trips per day, with a peak of 150 round trips, traffic would increase by approximately 96
percent on Kirk Road and 146 percent on Gilt Edge Road. Truck trips to the Open Cut, if selected, would
result in the same traffic increase on Kirk Road and a substantial traffic increase on the Open Cut access
road. However, based on the history of the Lead area being a mining area, these increases would have low
impact to transportation in the community in this context. Based on published total accident rates for all
motor vehicles, the total vehicle miles traveled for the Proposed Action (with the alternative of rock
transport to the Gilt Edge Superfund site) would have the potential to result in 9.3 traffic accidents, 2.5
injuries, and zero (<0.1) fatalities.

Accident incidence due to trucking would be lower if rock placement were to occur at the Open Cut,
which would result in an estimated 8.8 traffic accidents, 2.3 injuries, and zero (<0.1) fatalities.

Construction traffic impacts would be reduced through SEPMs, including preparing and implementing
traffic control plan. Operational traffic impacts would be very low. Truck traffic would also increase in
Lead, due to tanker truck deliveries of LAr (liquid argon) and LN (liquid nitrogen) to the Ross shaft,
using Mill Street.

Traffic impacts of Alternative A would be similar in type but lesser in scale to the Proposed Action during
construction and very low during operations. The No Action Alternative would not involve construction
or operation and there would be no related traffic impacts or potential accidents. Existing experiments at
SURF would continue to utilize area roadways and traffic patterns from local and regional changes in
population and development would continue.

Air Quality
Fermilab Site

Under the Proposed Action, construction would generate particulate emissions from dust and combustion
emissions from construction equipment and vehicles. Construction would generate both attainment and
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non-attainment pollutants; however, emissions would be minimized by SEPMs and would be temporary
and would not exceed the general conformity de minimis threshold (100 tons) for non-attainment
pollutants (e.g., ozone precursors such as nitrous oxides [NOy]). Air emissions from excavation, soil
stockpiling, and embankment construction activities would be minimized by using SEPMs including
erosion and dust control BMPs. The increase in criteria pollutant emissions for operations would be less
than 1 ton per year of any criteria pollutant. Potential releases of hazardous air pollutants (HAP) from
operations could include radionuclides; however, these emissions would be controlled and monitored to
ensure the emissions would be well below regulatory limits.

Under the No Action Alternative, Fermilab’s existing research programs would remain unchanged, and
the LBNF/DUNE would not be constructed or operated. Therefore, air emissions would be unchanged.
The No Action Alternative would have no additional impacts on air quality standards.

SURF Site

LBNF/DUNE construction at SURF would occur primarily deep underground; however, a large volume
of excavated rock would be transported to the Gilt Edge Superfund site or the Open Cut via truck or
conveyor. SURF would employ SEPMs including dust and other emission controls such as watering
trucks, spraying surfactants on unpaved roads, and requiring Tier 3 and 4 engines for underground
equipment. Assuming trucking of rock 8 miles to the Gilt Edge Superfund site as a conservative scenario,
construction air emissions would not exceed air quality standards. Operational emissions from the
LBNF/DUNE would be low.

Alternative A impacts on air quality would be similar to the Proposed Action during construction and low
during operations as these activities would be of small scale and would occur underground. Under the No
Action Alternative, there would be no construction or operations and thus no emissions. Existing research
programs at SURF and related emissions would be unchanged and would continue without LBNF/DUNE.

Fermilab and SURF Greenhouse Gas Emissions

The CEQ published draft guidance on the inclusion of a greenhouse gas (GHG) evaluation for NEPA
projects (CEQ 2014). In addition, EPA published draft guidance to assist Federal agencies in analyzing
environmental effects of GHG emissions and climate change in NEPA documents (EPA 2010). Federal
agencies are advised to consider opportunities to reduce GHG emissions caused by proposed Federal
actions and adapt their actions to reduce climate change impacts. Further, the guidance states that actions
having annual direct GHG emissions of greater than 25,000 metric tons (MT) of carbon dioxide (CO,)-
equivalent warrant description under NEPA.

The Proposed Action at Fermilab would emit the equivalent (CO, and other GHG) of approximately
188,000 MT of GHG, with approximately 133,000 MT during construction and 54,700 MT during 20
years of operations. SURF would generate approximately 16,800 MT during construction and 19 MT
during operations). Therefore, LBNF/DUNE as a whole, including construction and operations at
Fermilab and SURF, would emit approximately 205,000 MT of GHG over a period of approximately 27
years.

While estimated GHG emissions would be below 25,000 MT per year at each site, aggregated annual
GHG emissions and the total for the Proposed Action would exceed this guideline. To offset GHG
emissions, the Federal government has taken steps to reduce overall emissions, conserve energy, reduce
demand, and promote development of renewable energy sources and technologies. These steps include
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publication of a series of Executive Orders, beginning with EO 13423, Strengthening Federal
Environmental, Energy, and Transportation Management, dated January 24, 2007, EO 13514, Federal
Leadership in Environmental, Energy, and Economic Performance and EO 13693, Planning for Federal
Sustainability in the Next Decade on March 19, 2015. Furthermore, both Fermilab and SURF have
developed site-specific sustainability plans to comply with these EO.

Visual
Fermilab Site

Construction of the Proposed Action would be visible from Kirk Road during site preparation, removal of
Cooling Pond F, and construction of the embankment. This impact would be temporary and the
embankment would blend in with the existing landscape as vegetation re-establishes. Some construction
would be visible from Kirk Road for people driving both north and south, but would not be visible from
other public roads or recreation areas.

During operations, the completed embankment and one service building would be visible briefly to
motorists on Kirk Road. Its design would be similar to other Fermilab facilities to minimize visual effects.
The embankment would be set in the distance, and revegetation would reduce contrast with adjacent
grassy areas, agricultural fields, and restored prairie. In addition, these facilities would be constructed
near existing Fermilab buildings with Wilson Hall in the background.

Under the No Action Alternative, LBNF/DUNE facilities would not be constructed or operated, and there
would be no short- or long-term incremental visual impacts. Existing Fermilab facilities that can be seen
from off-site, including the Pine Street entrance, the MI (main injector), and Wilson Hall (a prominent
Fermilab feature), would remain.

SURF Site

Construction of the new LBNF/DUNE cryogen support building would be partially visible from Kirk
Road in Lead and from several residences more than 1 mile away. The new building would be smaller
and would have a lower profile than the existing Ross Boiler. The conveyor that would be used to load
trucks (if selected) would be located at the top of Kirk Gulch and would be visible from Kirk Road and
two homes. Transport of rock to the Gilt Edge Superfund site or transport to and placement at the Open
Cut would have low visual impacts in this isolated area. The conveyor from the Ross Shaft to the Open
Cut (if selected) would be partially visible throughout the City of Lead. A substantial portion of the
conveyor route would be underground and thus visual impacts would be minimized. The visible portion
would be similar to mining operations over the past 135 years. Operation of the LBNF/DUNE would
occur deep underground and would have very low impacts.

Alternative A would have use same transportation and support facilities as the Proposed Action, so no or
very low new visual impacts would result from these experiments.

Under the No Action Alternative, there would be no new visual impacts. Existing SURF facilities visible
from Kirk Road and Lead would remain. Other SURF activities would continue in Kirk Gulch, such as
ventilation of exhaust, stormwater management, substation maintenance, and security monitoring.
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Geology and Soils
Fermilab Site

The Proposed Action would unavoidably affect soils during excavation and construction of the
embankment and aboveground and underground facilities. Up to 950,000 yd’ of soils would be removed;
however, topsoil would be preserved to the extent practicable and reused to restore other areas.
Geological resources (i.e., rock) would be affected by the unavoidable excavation of bedrock; however,
this would not result in loss of important geological resources (i.e., mineral resources of commercial
quality) or unique scientific data. The Proposed Action would also affect farmland that is not in
cultivation. SEPMs would include developing and implementing an LBNF/DUNE-specific SWPPP to
minimize erosion. Operations would have very low impacts on soils or bedrock.

The No Action Alternative would not involve excavation or grading; therefore, no impacts on soils or
geological resources would result. Existing soil conditions at Fermilab would be maintained through
erosion control and site restoration activities.

SURF Site

The Proposed Action would require excavation of approximately 460,000 cubic yards (yd®) of rock from
underground areas and would have a very low effect on soils as much of the area is developed. SEPMs
would include erosion control. Operation of the LBNF/DUNE would be primarily underground and
would not require additional excavation or grading aboveground.

Alternative A experiments would require excavation of an additional approximately 153,000 yd® of rock
but there would be very low impacts on soil from construction and operations.

The No Action Alternative would have very low impacts on soils and geology.

Socioeconomics and Environmental Justice
Fermilab Site

LBNF/DUNE construction and operation would have a beneficial economic impact on the local
construction industry and associated industries and potentially negative impacts would not
disproportionately impact minority and low income communities. In accordance with DOE’s
Environmental Justice Strategy (DOE 2008b), DOE’s NEPA process would provide residents, including
the minority populations, with access to information regarding the selected alternative. Potential impacts
of LBNF/DUNE (e.g., increased traffic during construction, noise during construction and operation) are
low and would be borne equally by both minority and non-minority municipalities. Most impacts would
occur along the Kirk Road corridor in Batavia, which is the closest oft-site location to the Proposed
Action. Batavia is neither a low income nor a disproportionately minority municipality. Hence there is no
environmental justice concern.

Under the No Action Alternative, Fermilab operations would continue with ongoing and planned
experiments. Existing and future impacts from these experiments would be borne equally by both
minority and non-minority municipalities. Most impacts would occur along the Kirk Road corridor in
Batavia, which is the closest off-site location to the Proposed Action. Batavia is neither a low income nor
a disproportionately minority municipality. Hence there is no environmental justice concern.
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SURF Site

Construction and operation of the Proposed Action would result in both direct and indirect beneficial
economic effects. The Lead area has a slightly higher percentage of low-income people and a lower
percentage of minority populations than the state as a whole. As described for Fermilab, DOE would
implement its Environmental Justice Strategy to provide residents with information. Impacts (e.g.,
increased traffic) would be borne uniformly by the area’s (defined as the Cities of Lead and Deadwood)
entire population, which does not contain disproportionately high levels of minority or low-income
residents compared to the Lawrence County. Although median household and per capita income are
collectively less in Lead and Deadwood than in Lawrence County or the State of South Dakota, the
population below the poverty level in Lead and Deadwood is similar to that of the County and the State.
Hence there is no environmental justice concern.

Individual Alternative A experiments would be similar in impact but lesser in scope than the Proposed
Action. Similar to the Proposed Action, impacts (e.g., increased traffic) would be borne uniformly by the
area’s entire populations, which does not contain disproportionately high levels of minority or low-
income residents. Hence there is no environmental justice concern.

Under the No Action Alternative, the LBNF/DUNE would not be implemented. Existing and planned
experiments at SURF would continue and socioeconomic trends in the area would be unaffected. Similar
to the Proposed Action, impacts would be borne uniformly by the area’s entire populations, which does
not contain disproportionately high levels of minority or low-income residents. Hence there is no
environmental justice concern.

Sustainability
Fermilab Site

The Proposed Action would comply with EO 13693, Federal Leadership in Environmental, Energy, and
Economic Performance; DOE Order 436.1, Departmental Sustainability; as well as the Fermilab Site
Sustainability Plan (SSP) goals of energy efficiency, waste reduction, sustainable acquisition, greenhouse
gas emissions reduction, water use efficiency, and recycling. Although the Proposed Action would
increase energy consumption, its operation would minimize the net increase by complying with the
energy efficiency measures outlined in the SSP (e.g., using renewable energy, installing meters, and
employee training) and continuing to purchase Renewable Energy Certificates (REC).

Under the No Action Alternative, there would be no construction or operational generation of additional
GHGs, use of additional energy or water, or generation of additional waste materials. Existing operations
would continue to use water and energy, and would continue to generate and dispose of waste materials in
a manner consistent with the SSP.

SURF Site

The Proposed Action, as well as Alternative A, would be consistent with EOs and with SURF
sustainability plan goals of reducing energy use, efficient use of resources, minimizing emissions, and
minimizing waste. The Proposed Action would consume substantial energy and fuel in hoisting excavated
rock out of the mine and transporting it to the selected placement area. Accordingly, SURF would
incorporate design measures to minimize energy consumption.
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The No Action Alternative would not generate GHG or use water or energy or generate waste. Existing
operations would continue to use water and energy, and would continue to generate and dispose of wastes
in a manner consistent with the SURF sustainability plan.

Utilities
Fermilab Site

The Proposed Action would require utility construction and relocation. The physical disturbance required
to upgrade utilities would occur primarily within the boundaries of the existing Kautz Road substation
and within the shoulder of Kautz Road and Indian Creek Road where new duct banks would be installed.
This area consists of grassy and industrial areas, is previously disturbed, and has no waterway crossings.

Construction would require limited power, water, wastewater treatment, and natural gas. Power for
construction would be temporary and would be limited to lighting construction trailers, operating small
tools, and powering ventilation and pumps. Other utility requirements, including water required for
construction, including for potable water and dust control, would be supplied by the construction
contractor and would have no impacts on water supply or wastewater treatment utility capacity.

The Proposed Action would require approximately 9 megawatts (MW) of power for operations beginning
in approximately 2026, when Fermilab’s projected power demand (without LBNF/DUNE) would be
approximately 60 to 70 MW. The power load required by LBNF/DUNE for construction and then 20
years of operation would not exceed power or distribution system capacity. The Proposed Action would
also require other utilities for operation, including potable water, wastewater treatment, and natural gas.
LBNF/DUNE’s utility needs would be within the capacity of local providers.

Under the No Action Alternative, LBNF/DUNE would not be constructed or operated and Fermilab
would not require power or other utility upgrades. Fermilab would continue to operate existing
experiments, with power and water provided by local utilities.

SURF Site

Construction of the underground detector would require a total of 7 MW of power for hoisting rock.
Operation of the detector would require 10.5 MW of additional power over the current 3 MW. The
increased usage would not affect municipal utilities and would be well within the power delivery
capability of the Ross substation and Black Hills Power. Drinking water would be provided by the City of
Lead and LBNF/DUNE would not exceed capacity.

Construction of Alternative A experiments would require similar power and water consumption as the
Proposed Action but over a shorter period of time. Consequently, there would be no additional demand
impacts on utilities beyond those described for construction of the LBNF/DUNE. Operation of
Alternative A experiments would result in less pow